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ABSTRACT

Acoustic measurements from eight Titan 1V thehis
acoustic test of a Cassini simulator and ‘I
fairing (PLY), were used 1o derive acoustic flieh
criteria for the Cassini spacecraft.  The T b
laboratory data were used or modificd (o acconm for
following factors: (a) noisc spike containat,
data, (b) spatial and Might-to-Mlight variations ;

(¢) application of a thicker barrici-blanbet to ¢ 111
the Cassini mission, (d) effects of Tocatime two ey
assernblies, the Huygens Probe (HP) and the ]
Antenna (HGA), near the PLE, and (¢} highe o
upgraded Than solid 1ocket motors (SRM-) 1
mission. An overall sound pressure leve: of J.,-
verified for the protoflight acoustic test crie |
Cassini spacecraft.
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INTRODUCTION

The Cassini spacecraft, shown in Figwic 1, i cn
under development at the Jet Py opulsion I aborino
and its suppliers for the National Acronantics i
Administration (NASA) to explore the plauet S0
rings and its moons. The spaceeraft will b Toun.
Titan 1V vehicle with a Centaur upper stage. As dos yioed
in two carlicr papers [1,2], acoustic data wesd 8
prior Titan flights using the same payload taime (PP} o
be used on Cassini but, obviously, with dificient Py hosds,
These data showed that the maxinm intcval 11
acoustic envitonment occuired during hitofl and were

Ceoon

strongly influenced by the Taunch pad contiperd
minor differences in acoustic levels were obael ve.

the two similar Titan faunch complexes (1.C-40
Cape Canaveral AVS/Hastern Test Range (171R)
substantially exceeded by levels measo
Vandenberg AFB/Western Test Range (WI'R) &
4F). Since Cassini is scheduled to be Taunhed or ] ¢
41, it was decided to omit WIR data from the
once sufficient FTR data became available.
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Like all owter planctary spaceeraft, Cassini will 1e juire on-
board nuclear power because the great distance from the
Sun precludes the use of solar power, Specifically, electiic
poveer will be provided by thiee radioisotope thermoclectric
generators (RIGs) of essentially identical design to those
used on Galileo and Ulysses spacceraft [3,4]. However, the
Cassim vibration responses to the acoustic environment at
the RTG mountings are eapected to exceed those of its
predecessors. requiring either RTG redesign  and

requalification or reduction of the Cassini environment.
NASA and JPL concluded that acoustical attenuation would
be the most cost eftective solution. Thus a program was
initiated to reduce the acoustic environment applied to
Cassin [5-9]. However, acoustic reduction was required
over only a relatively limited portion of the spectrum,
nanely, the 13 octave band (OB) range of 200-250 Hyz.

FLIGHT DATA SUMMARY

The previously published summaries included Tiftoff
internal PLE acoustic data from Titan 1V Flights K-1 and
K14, both faunched from TR [1,2]. Subsequently, PLE
acoustic data were acquired fiom Fhights K-7, -9, -10, -19,
20, and 223 (10151 A total of 22 internal PI 1 acoustic
measurements have cureently been acquired on these erght
flights. Of these, 17 microphones were attached to the
PLE while five were supported off the Centaur forward
skirl just below the spacecralt. The 22 measurentents
include cight 1epeat measurenients on subsequent flights.

Three additional K-4 miciophones were supported on 20
inch stindoffs from the PLE [1.2]. On average, acoustic
dara from these thaee stondoff mictophones were observed
to be about 2 dhy less than PLE sutface data, However, the
number of standoft yncasurements was deemed to be
insullicient for the purpose of reducing the acoustic
criter For this reason, the use of the 22 measurements
is considered conservative for the derivation of Cassini
acoustic {light and test criteria, Thus, a 1evised sunimary

of finght data sy now be made.

As previously described in {1, liftoff acoustic data from
PR were patticulanly susceptible to electrical noise
spikes. Aspecial procedune was developed to remove the

cffects of this contamination from data for the first six




flights [16], while standard cditing methods were uaed o
the last two flights prior to spectial analvsis [17].

Figare 2 shows the locations of internal PIT noc opfion
for Flights K-1, -4, -7,-9, <10, =19, - 21, and -2 | N
15} Using an averaging time of 1T sco, 20 1o
acoustic spretra were obtained from these cieht 7 poos, o
presented in Figwes 3 and 4 {1,2) and bign oo 5 -
excluding the thice standoff microphone specoa A
observed 1n these figures, mcasurement bavitions we:
repeated in four cases, L.e., Meas, 9727 on Fiehis K-
-9, =19, and -23, Mecas. 9403 on Ilights ¥ 10 o
Meas. 9404 on Flights K-10, <21 and -23. ad Voo w7y
on Flights K-4, -10, and -21.

Envelopes over the 17 maximax PLE and the S e o0 nae
Centaur acoustic spectia were drawn, 1esulting 501l Loy
lines of Figures 9 and 10, Statistical analyscs woee s
performed on all 22 spectra. Figure 11 shows th 1w
value and 95 percent upper tolerance i, with 50 Hecer
confidence, based on statistical analysis of the 27 s i o
Frgures 9 and 10, assuming a nonmal distuibutien o0 soun
pressure levels (SPLs) for cach 13 OB Yoo w20
samples, a tolerance factor of k= 1669 was use |17
The wvse of P95/50 statistics for deriving vibiron vt
criterta from flight data has been a USAL cnd WA SA
tradition for many yeas.

In addition to flight activitics, a scrics of fabozaiony
acoustic tests were petformed. Data from these test vere
used in the development of acoustic test ¢ote o as
summniarized i the following scetion.

ACOUSTIC TEST DATA SUMMAR)

Flat Pancl Results

A test program was inttiated (o deternine 34 an incrcas in
acoustic blanket thickness and/or the addition of o -nond
barrier could achieve the desired reduction ol e we e
loading applicd to Cassini and its RTGs. Ancchonate
series of flat panel tests were first nuplement Jd 1o
determine if cither o1 both of these solutions coulid proda
the necded attenuation of 3 dB or more in the 200 220 Hy
bands [6). Historically, testing was necessary becan o e
application of acoustic theoty to this problem vas covercly
limited due to an inability to account simuftancins y L
twin factors of sound absorption and tansrmssion 1l
pancl results indicated that only two of ¢ wod
configurations could achieve the desired redution

(a) A 6 in.blanket having a density of ()( Wofiphuea
(). ()43 . barrier having o surfaee donsity ot 05
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10/, f oran over all suface density of 0.74 1442

(1,) A 5 in.blanketcomprised of 3in. having a density of
0. 6 Ib/fG and 2 in having a density of 1.2 /{13, plus
@ 0.083 burnierhaving aswrface density of 0.88 1,2,
foranover all surface density of 1.28 1h/(2.

The standard Titan 1V 3 in, blanket having a density of 0.6

b3 1 oran overall sutface density of ().1 5 1b/112, wasalso

includad sinee blankets of this design were instalied during

fhights when scoustic nic asutements were naade. Sketches

ol the thiee blankets gre shown in Figure 12,

U ntaraonstely. the attenuation was necded in the frequency
rng € 200-250 Hzydommated by the g frequency o1 the
cylindijeal portiow of the PLIL Phus there was no
guarantec that flat pauel results would be directly
applicabl ¢ to the Cossing Installation, A's avesult, aseries
ol PI 1 tests was d comed necessary to de monstrate that
adeguate eduction wis achiey able under realistic Cassini
conditions,

Cassint Simulator/PHL Reverberant Test Procedure
Fortanately, the tirmimyg of PLE blanket tests coincided
with  vibrogcoustic testing  of  the
development

Cassini partial
testodel )y ran, the simulatorshown in
Figure 13, which simultancously  permitted  the
detetiination of acoustic attenuation effects on the
stractoral  rexponse of - spacecraft and - component
simmulators [18,19]. Unlike the partial-DTM test inits
11y, the forthcoming protoflight acoustic test on the
actui i Cass ini spacccralt in the JP reverberant chamber
witl notutilize a 171 1<, Thus special attention is required
to account for acoustic loads expected to ce wse higher
spacectaft vibration response, especially lToads applied 1o
the Huygens Probe (P 1Py and the High Gain Antenna
(HG 4) as deternaned from partial-1 YIM/PLE testing. In
addition to detcrmining the acoustic transmission/
absorpton of the 3., 5., and s in. blanket (t(mﬁgumtions,
the other objectives of partial-1YTM testing included:

(@) bvahuation of fill offects of having the HP and other
( assint elernents in close proximity to the PLE,

(by Determination of the elfeets of having the HGA
separate the biconie section from the eylindrical
sectron of “the P,

(©) Deoternnnationof [tic effects of percentage blanket
COeVOTage onacoustie atlenuation.

(y Pyvaluationof the effects of tuned vibration absorbers
(Y VAS) on the sttuctural tesponse of the R TG,



The Cassini partial-DTM was installed inoi 06 {10 oo
section of the PLE, along with a Centour-hhe stppo
structure, and the blanket configuration to b 1osrc
attached to the PLY intertor for the specified woos <hie o
run, as shown in Figure 13, This asscinbly woas s alicd
in the Reverberant Acoustic Taboratory tuciing bewed o
Iockheed-Martin Astronautics in Devver, €O ] 1% .
where acoustic noise from air modulators wees ay plisd
the PLE exterior. A list and sketch of the % extcao
27 interior microphone locations appears in Tabo o i
Figme 13, respeetively. A total of 72 acceleiomei s and
triaxial force pages were also installed on o in tie Ciasim
partial-DTM stiuctuie. Data from
transducets has been reported elsewhere |59, 18 1494

SOMe o Thes

Both 5 - and 6-in. blanket configurations werc found ¢
provide the desired acoustic reduction 3 he O baner
blanket was selected over the 5
carties tess added we ightto the PLE. y o this ycan 1l

inLconlionrationir i

test results foi the heavier configuration, i lud ng th
effects of pardal coverage, will nothe revicw edcdin
For the Cassint mission, it was intended that the ta Lo
barticr-blunket be installed on the 17 1
vicinity of the major portion of” the spacecialt anlyviihe
than complete PII coverage, inorderto seve w orehv il
still being locally eficetive. ‘1)111s theam. ¢onfivuanon
would be used inPLY Zones 8- 11 (Figurel 1 vwhi L the 2
in. blanket would continue (o beusedmZones > 0

Fintcionan thu

Although somewhat similar in general, there wre inuy oreont
dilfercnces between the acoustic envitonments appiicd (o
the PLY exterior during flight and dutine o roveroeiont
acoustic chamber test.  Also, there 18 sotne vari b fy
between reverberant test runs identilicd in Jagure 11,
mainly because of difficulties i achieving poric 1 el e
test condrol, T'o avoid having potential eyrors siflucy ¢ i)
the evaluation of the 6 in. barrier-blanket. acil (1t
prediction of the flight acoustic environment nsiny e
thicker conftguration, the following step-by step proceciee
was used in processing the measured acoustic darn

(1) For cach test run, all microphone dato were anely o
twice, first using a constant resolution hinda it of 4
Hz up to 2 kHz, and then using 1/3 OBs witlo v onie
frequencics ranging from 31.5 Hz to 4 k17

2y Yor cach run, the average 1/3 0B SP1. plu the
overall (OA) SPL., for the six exterral continl
mictophones (M30-M35 in Table 1) waos conputc
cach 1/3 OB, and the diffetence taken betwoor thas
average and the external acoustic test specthic o
shown in Figure 15, This difference is callec the
external conrection.
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(3) For cachrun, the 1/3 OB SPLs fromm 1 5 internal
nncrophoneslocated in Zones 7- 11 (M1, 6,8, 10, 12,
14,16, 1'/, 19,70, 22-%1) wercaveraged and adjusted
using the ¢xternal correction of Step 2. The average
173 OB SPLs are called the internal adjusted spectrum
for that ran.

() o predict the additional acoustic attenuation of a
thicker configuration (c.¢., the 6 in. barrier-blanket),
the difference was taken between the internal adjusted
acoustic spectra of Step 3 for the applicable pair of test
runs, 1c., (ay the original 3 in. flight blanket
configaration of Test 2, and (b) the 6 inbarrier-blanket
ol Test 7.

(M) To establish the vevised Cassing {light acoustic criteria
using the thicker configuration, the diffeicnce of Step 4
was subtiacted from the onginal P95/50 {light acoustic
coteria shown in Fagure 11,

Fxperience has shown that acoustic fill effects can cause a
substontial mcrease 1 the local acoustic environment
apphed o sttuctnal sssembhies which are close 1o the PLE
{191, The HP is the closest of these assemiblies, being
approximately 341 in. from the PLE surface (excluding
the blanket thicknessy. The two methods of determining
fill eficet are (o) an analytical formula derived from a
recently revised theory [19], and/or (b) the dicct
measmuement of the SPLs in the gap using a microphone.

As seen dn Figute 13, the Cassini HGA effectively
scetion of the PLY from the
cylindiical section, 1.e., separating the PLY cavity into two
volures

separales the biconice
Thus it would not be surprising to find two
distinet acoustic environments for these voluues, both of
which apply fluctuating pressure to opposite sides of the
HGA with the structial Joadimg dependent on the pressure
HGA.  Tiagure 106 shows
cohcrence data, 1.e., the nonmalized magnitude of the cross-
spectium [21-23), for w mictophone pait on opposite sides
of the HGA close to the stiocture, e, M4 and MG in
Figure 13, The data shows low coherence (except at 43

Cross spectium across the

Hzyo winel indicates that the two acoustic fields act
independently and the two spectia should be root sum
squated. AUA3 Hy, the colicrence is Tainly high (y24, =
0.8) and the phose angle is nearly zero, indicating the
istantancous pressures should be subtracted and the
loading recuced.

Cassmi Sunulator/PLE Reverberant Test Results
The raw acoustice test data was processed in accordance with
Step 1-5 to provide the desired revision 1o the Cassini

flight acoustic criteriae Frigare 17 shows the internal



adjusted spectia for the two test runs of intcre~t: () Tes 7
where the 3 in. flight blankets were utilized, aud (0 'les 3
wheie the 6 in. banier-blankets were insiolled s 2 ones @
1T and the 3 in. blankets in Zones 2 and 7. Ve o ddior
acoustic atlenuation provided by the thicker contyumatio
was obtained by taking the difference between th Tose
and Test 2 internal adjusted speetia, as shown i boouee )
This difference was then subtiacted from the P95/ 0 fhpi
specttum of Figure 11 (obtained from the stest i s
analysis of 22 flight measurements from cight previon
flights) in order to predict the Cassini P25/50 nom
flight specttum shown in Figure 19,

To detenmine the fill effect for the Huygens Poobe
Microphone 11 was located in the 28 in. gap hete oo th
center of the HP and the PLE duting the entie tos sooe
cxcept for Test 1 and 8 whete no spacecralt sinciaor wa
used.  Unfortunately M malfunctioned duime Toe s
making a diteet measurement impossible Forwma iy th
revised analytical 1l theory [20) could be wohainned
Morcover, the gencral accuracy of this theors cvuli b
ascerlained for the HP using M11 data fren Teats o o
with the 5 in. barrier-blanket, which had vers nnla
acoustic attenuation characteristics te the 6 n
confrguration but was not selected due 1o exeeseve we bt
Figme 20 shows the comparison between the ancivioal
effect and the appropriate data from Tests 4 wnd - e
comparison s genetally satisfactory with g it
exceptions below 50 Hzoand at 2.5 Ktz A low
frequencies, the exception was probably ¢ -av

insuflicicnt modal density, i.c., a low nuinbo of needes

i })")‘

(including zero!), which violates a critical assupio ol
statistical energy analysis (SEA) uscd in the bl ciieet
derivation. It is speculated that & dominant stundng wve
may have been encountered in the high ficauciey b,
Despite these exceptions, it was decided to aevent the
analytical fill effect in deriving the Cassini acoust o oyl
criteria,

As observed in Figue 13, the HGA cffectvely divig s the
PLE cavity into two volumes, i.e., the iconic s cloon
above and the cylindrical section below the HGoA e
Mlight acoustic data reviewed previously were aequi wd
locations in the cylindrical section only.  Thuos |
necessary to obtain acoustic data in both sections cinng
the Partial-1YTM/PLY test to ascertain i Ligher o o o
SPLs existed in the biconic section. I higher Jevels wee
found, then an increase i the Cassind acoustic 1 ¢

Vous

[EFN]
would be justified over that detetmined (ron provions
flight data. For application to Cassini spaceaialt oo sl
testing, data for the two acoustic fields from Toa 7 owoe
compared. Speetra for the thiee microphones vty the
biconic section (M2-4) wete averaged and compaed with
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the speetral average from 15 microphones in the eylindsical
section, as shown in Figwe 21, The difference between
the two average spectiais shown in Figure 22 along with
the analytical HP 1l factor. Acoustic undertesting of the
Cassini spacecraft will be avoided by inereasing the P95/50
flight spectiom of Figure 11 by the difference obtained
from the maximum envelope of the two curves shown in
Prgare 22, The avoldunce of HGA under- of over-testing is
also dependent on the pressure cross-specttum across
opposite sides of the HGA during the forthcoming Cassini
spacearaft acoustic test

CASSINI SPACECRA ¥ ACOUSTIC TEST
CRITERIA  DERIVATION

I order to provide more thiast to the Titan 1V vehicle,
which s required (o permit the Taunch of the heaviest
possible spacceeradt propellant mass, the previously-used
stunidhind steel case sohd rocket motors (SRMs) will be
replaced by recently-developed more powerful (7 percent)
corposite case SRM upgrades (SRMUs). This change is
predicted o result 1o small erease in acoustic levels,
less than J dB, which must be taken into account before
the revised Cassing fhyhit eritenia and the Cassini spaceeraft
acoustic test enitena e denved.

In sunmany, the fhight scoustic critenia, as well as the test
crdetia for the forthcoming Cassing spacecraft acoustic test
without the PLE, were derived using;:

(i the POS/S50 internal PLY fhight
Figore 11, which was computed by the statistical data
analysis of 22 maximax acoustic spectra (shown in
Pipures 3-8) from eight previous flights,

spectium - of

(2) minus the difterence between Pest 7 and Test 2 mternal
adjosted spectia (shown in Figuie 18) to account for
the thicker barrier- blanket attenuation,

(3) plus a 1 dB incicase for using the SRMUSs for the
Cassini mission, 1esulting in the revised Cassini flight
acoustic entoria of Tgme 23,

(4) plus the maximum of (a) the HP analytical {ill effect,
and (b) the differenee between the two average acoustic
spectra across the HGA, both shown in Figuie 22,

{5 plus minor “adjustments” needed to provide a smooth
test spectivm aeqguited by high intensity noise
eencratots, such as att modulators, resulting in the
revised acouvstic enteria for the Cassini spacecraft test
showar in Figuie 24,



CONCLUSIONS

Acoustic measurcinents from eight Titan IV flipht- . nd

acoustic test of a Cassini simulator and Tuow puvio s
fairmg (PLE), were used to 1evise acoustic {light i e 1
criteria for the Cassint spacecraft, The derved (1l an
FA test eriterta have overall SPLs of 10005 it 141 di
respeettvely. The revised flight criteria will Lo com e |
with flight data obtained during the actoal Cosvin Lo

The revised test spectrum has been compancd it

previous fest criteria, also shown in Figwne 20 1
revised spectrum exceeds the previous criteris in ey tw o
bands, 31.5 and 40 Hz, with a maximuim excecd e o4
dB at 40 Hy. This exceedance is caused by & singic gl
measwrenient, namely Mic 9404 on Flight K750 R poated

measurements at the same location on two otber foply

show substantially lower levels. Thus this exccecn o)

decimed to be an artifact of the particular cicunista w an

not indicative of the overall flight process. The e
test spectrum will be used as reverberant avous ¢ tes
levels during the flight spacecraft acoustic test vath ot 1h

PLE with a protoflight margin of 4 dB over the 14 Level
shown in Figure 24,
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Tiunetrie View of the Cassini Spaceciaft in
its Tavnch Couliguration

Figuwe I



9 7 23 Acoust PLF CCJ T+0° (010 150

9727 int. Acoustic, Centaur FWD ﬁ?;?,B‘.S{-

Cent. Sta 3542 \

9728 Int. Acoustic, 2492 Skirt, TIV, §ta 120

Higure 2: 1.ocation of Microphoues 1 vd

Criteria

EXi PLESTALEE Tapoe

s ME A FOTUT

Nt TA 185 T4 00

plLES
- NEAS 4 9700 |

INT. P F Crg 188 T,5700
MEAS g972%

ARAFTEN Yo, Tade

(/uru.ug,s TE}
/MR T 9702, 47

VLS A SIG 2 TeM0"
I MEAS 89677 |

PROCEEDINGS. Institute of Environmonta| Seione os

N STARDOES
WAz e .

tratm 9rds
srarnyrad
LT RTN 73]

MR 3
12 4t

e

Q727 Int, Acoustic, Centaur F WO Adapter,
Cant Sta 3adz, 1+ 1227

] G728 Int. A Goustic, 2492 Skirt, 7 1Iv Sta 120
|

§7ra EXT =

7348 INT |

B oy — P{FSTA 207
LIS N & 9 gt ‘r.,. . 0
130 INT J‘l

starerr™

s N S

—- PLFSTA 104
738 £3T ™
$747 INT ~

ol iht Titan 1V Flights to 1enve Cassini Acoustic



K-I1ClI

8414, AC, INT, Fwa Secior 1, PLESTA 612, 0°
9979 EXT AC., 63" Aft Of CC.I, Fi1180° (14 180°)
Sta 61244 --——.-9731 EXT AC,, 63" Aft Of CCS, FLrutn ) 9.".13, AC.INT. F wad Secar 3, FLF STA432,90°
9403 INT AC., 63" Aft of CCJ, PLEIBI (141807 0412, AG, INT, Fwo Sec.or 1. PLESTA 432, O
9737 INT AC., 63" AFt of CCJ, PLRusl (-0

@, .7, AC, (RAD), INT Cent FWD Ada pter, le

A 1 — 9404 INT AC., PLF Sta 492, PLF0 (). 00°; Cont, Sta 3542, 1222 \

® -~ --—}. 9406 EXT AC., PLF Sta3/0,FIFit) 141807 -
9405 EXT AC., PLF Sta 370, FLr 3500 (149, o

€734, AC. (RADY, £X1, FLF Sta 104, 0°\ ‘
9V35,AC, (RADY, £ X3, PLF Sta 104, 180°

|- 9734 EXT AC., PLF Sta 104, PLE 2607 7140 )

97 8 A0 (RADY,INT, 2422 Saint, TIV Sta 120, 102°

K-23 ,
K-21
9979, AC, EXT, 63" Aft of GCJ, PLF 180° (T+180) ) . L,
9731, AC, EXT,63" Aft of CCJ, PLF 350° (T+350) eusd, AC, (RALY), E X f wd Sector 3, { ¢
9403, AC, INT, 83" Aff 0! CC.J, PLF 180° (T+180%) . o AFLCCY, 1400
9737, ACG,INT, 63" Aft of CCJ, PLF 350* (T+3507) -
9404, AC,(HAD),INT,PLFSTA 492, 90. be
T hd
G104, AC, (RAD), INT, Fwd Sector 3,7
8329, AC, (RAD), INT, Cent. FWD Adapter, . FLF STA 402 ©0°
Cant S1a 3642, 297.5° T
Vs T | eves, ACUEAD) INT, Cort FWO Adater” |
/ Cent Sta 2042, 129°
4734, AC., (RAD), £ XT,PLF Sta 108,07
4735, AC, (RAD), EXT, PLF Sta 104, 180° \FQQ,:—’” o
~a I
&ﬁl‘\ ) CIEAAT (FAL),EXT P F Sta 104.0°
9728, AC, (RAD), [NT, 2492 Skirt, TIV Sta 120, 10+ w are! . avre AC, (RAD), IN I, 2482 Skirt,

THV St 120, 100°

Figure ? (continued)
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Figure 3: Maximax Acoustic Spectia JOI Hiph K- 1 Internal Payload Faiting Mcasureinents During Liftoff
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Figure 4: Maximax Acovstic Spectia for Flight 14 hiternal Payload Fairing Mcasuremnents During Liftoff
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Figuie 5: Maxiniax Acoustic Spectra for 1 heht K10InternalPayload Faiting Mcasuren ents During Liftoff

o~
[

0.
o3

L (d

1/3 Octave Band SPI

140 -
135 -

130 -

125

120 -

Figure 6: Maximax Acoustic Spectia for | lig 1}

| A

i i i s

i
- e M-9408-21
- ¢ M-9404-21

- M-9787-21

{9403-27 ,63" Al- | CCJ, T+ 180,138,9 dBOA

9404-21, SIA 492, T490°,137.8dBOA
9737-21,63"AF1CcCcJ, T+350°, 138,0 dB OA

100 000 10000

Frequency (tiz)

PROCEEDINGS-- Institute of Environtmental Scicndes

v 21 Intetial Payload Fairing Mcasureients During Liftoff



= MOl
o s 5 o - A-9412-19
1854 ., o  J-9413-19
& O 3 -baooK-23
o 130. - R |
| .-
[4a] o
T 125
E.J ]
o 120 -
c T4 07, 135.2 dBs OA
‘CU 115 - 8;‘%%119(, Sé'f;??éz %490 136.7 dB OA
o ’ 940423, STA 492, T+90°, 137.7 dB OA
2 110 -
3
)
O 105
v 100 i
10 1000 10000”

Frequency (Haz)

Figure 7: Maximax Acoustic Speetia for Fligh < K-14and K-23 Internal Payload Fairing Measurements at 1.iftoff
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Figure 10: Speetral Envelope of Masimas Acou-tic spectra for Five Internal Centaur Measureinents
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Table 1. Microphone Instumenia ion S y for the Partial IYTM/PLE Acoustic Tests

?_;m!-_v. Cassini — |[PLF AY [ D, STANCE 4-....,..;.;mcziméf )
N N PLF STA B Fromr Structus m ) I
?: 371 [| 500 o DIN T TR G g
r@w 1 612 c:. . 6' trom PLY . K5 W,mr
M3 572 0 18" from PLE" "7 [ Cass ini Mic
MaTTT T IR o0 108 mom PLY T e,
M5 T 3D] 0 08 mom PIEF T TCassing Mic
M6 521 [ 60 18 mom PLE ™ T [ s .
M7 T A N ESS) JormomPLE T I RaTRS, K0T T T T
M8 7 Ta60 BHS 8 from PLE 7T T .
MY T [A92 |24 o' from PLE T I Dirceted Torward .~ .
MI0O —-[492 D4 6" rom PLE T I Dindeted Tnboard ]
MII - 1413 Trsc 18" trom PEF T T High AT
M%7~ 1350 [5e0 S homPLA T o PiGad Adagicr
M13* 407 13 18" rrom ITM JP1 TesURTG mapping
[ MI4% 1407 I3 118" _a.,:‘m_:_?-.mﬂ,..m_ :.,&m‘o mapping
r?:m* |‘www 2 ;.. .CE_:_S e _mﬁ.\mnmgm_\ﬁllj
--K‘_m* _ 383 a5 ] _cm.g.t,:/x_i:-} ) L.E n,ﬂ,\mme mapping
KI_N‘:,-- 370 180 ! E:,Z b o RTG :ECE_M L
'MT8 570 265 [ s aom P 7T RIG gy ping
!7&@ 1370 45 Bk .,_E:.E I o .T_ G _mapping
IKNO 370 0 18" 1o PL} o Z_T :EE::Q .
!W\_}M: ,»nwwm IR :.::.> o
| M22 322 S nomPLE T |Low B _::mo<2 (Door)
| M23 13335 ) o PIE 7T Case | Mic
| M24 335 O fomPLE T [ Cassing Mic ]
| M25 17290 T .c..,,a i Cent Adapt.” Ky Ky~
vgmmf}! mww@»lill " from Cent »%_E{ ]
[ M27 1730 _ .c from PLT | Unblanuketed L High Hill
v@omlj-uy\o ] .mn:?: ¢ 60" from PLE i Test 1 C:_< Centerline MIC ]
[M29 {492 0 Rt rom PLE 77 Test 1 Only - paired with M7
F(Zo 492 0 FEXTTO18" from PLE T | Conttol
[M3] 492 126 FXT 8T from PLE [ Convol - 7 7T T
M32 7 1492 40 FXT 087 from PLET Control — 7777 T
»W.\H.wthI!. | wv_.MiI\‘«I‘] C ‘ * ,MH m :O:_ ww_~ A O::C_ [
M3 3T T o EXT 18" from PLET]C B
(M35 13127 " {lva0 EXT 8% from PLE [ Conviol T
[M36 m‘@miwl,m Cente i ne 1 XT. 18" from PLF | Centered éommg.owz“wmuw;
IM37 132 lso EXT 18" from PLY | T

Note ' - Mictophones marked witl asensk will not be included in Test 1

Note 7 Microphones M28 and M?29 v, _: be us ionTest ) only.

Note = 2. All PLE mounted Mics dirvected 1acialls mboard except Mic 9, which is directed forward

Note < Mics 13, 14, 15, 16 ditccted 1adi. Iy :_:Ea (facing U‘_Zv, all other Mics mounted on
interual structures mounted radial y outtoard, except Mic 27, ditected radially inboard.

Note 5 Mic 28 (centerline) ditected foyw i (L oward).
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"L EGE NOx: ‘w
Microthones -

° Prior Flight Location |

I ‘\ O Test Mic
/ \ ©TestMic in back of model
r & Cassinl Mic
/ n seL Test Location |
N / Y Accelorometers -
A 8 Accel -2 or 3 axes
all he oy s
b |
/
641- /
/ LS8
/ L Sta 617, 903(6* romPL F)
/ '8 M3 \
Y Sta 572,07 and 60°(18° from PLF)
552- « L AM04 AL Stz 534 (approx), Accel 40(normal) &
—_— ; e e B 41(long) on Antenna
v ME. 3 3
3 Ext Mics L - b Sta 521,07 and 60° (18" from PLF)
every 120° Zone 7 Ml v
492~ oe - - Stadey, 07 (67 from PLE, (18" from PLF,
Sta 460, 180° oo . ] M29(Tex- 1) Test 1 oniy)] 240° (6, 2 Mics, Fwd&Inb)
(18" from PLF) Zone .ﬂ\
439— - Sta 407,135 and 3157
Sta 415, 180" ___ Mlc AT (18" from SV)
(18" from PLF) Zone 9 \ c‘ M' M i ’ . ~ - 8ta 383, 45° ano 225°
JMi7 \ (18" from &V)
Cf 370 M\l ) o GO R
Sta 350, 240°, Zone 10 120 {m ) ~- Sta 370, 0°, 457 1807, 50
(18. from LVA) “« ™« M”C//w, RE VIR Y- "{M (18’ frombLF}315°(18" from Sv)
3332~ T o ?g Ste 436, 0°(6° & 18°from FLF)
3 ExtMics Atz a1 A 90°(18" from FLF ) and
o ~ [ s y ~\ i1l
every 120" Gfre~I1 LA C T RN N 160 (18 frorm L VA)
i o T "
o (AL L Sadi2, Accel, Ay o
;'1* . A \ 42:Rad),43(l ong),44(Tang), 8HP I/F
W
Sta 220, 60" (6" from PLF) .| g’m"u ' Ste 290,127 and 0°(on MIVE 7.)
‘ L sta 200, Accel A5(Rad)&46(Long),
[ ' l Support Structure

Note 1: On Test No 1, MZA wii be no-sion: 5 on the centerine

above the MIVE at appioxonistety Bob S350

Note 2 M29 will be usccion Tesi Ny 1 only

Note 3: Station Numiticrs e ¢ refen v ota o assini FLF Station Nurmbers

Figure 13: Configuration and Instwinentinon Focations for the Partial DYTM/PLE Acoustic Tests

Test No. | _Blankets | Coveane “fIL. Simulatos
1 3-in std ful No _fones

z

2 3-in Std ful Yes, w/1VAS AP for |
3 3-in Std barial | Yes, wflVA 22 &Ca” \
S I BEEREERE - [ _|Cases \
4 5-in V-10 bl res, w/lVAs . ! f
[ |
5 5-n V-1 0 Pt Yos, wio') VAs gl |3, V-0
6 -in V- Prartal < o, (and V-5 |
5-in V-10 fes, wiol VAQ 9], Blanket
7 6-in V-5 full ‘es, W01 VAS 10| [Options !
e I
—— 1] '

Figure 14: Partial 1 YI'M/P) 1 wconsne Test Cases

PROCEE DINGS- -Institute of EnvironmentelSeie ices



Freq SPL
150 Tm— e '—‘TT "rr"“"" 1 ey ot ol “- T--. --T-- roer=eny —_—
L C 0 E R-SRMU - P95/50 31 133.2 -
P oo 40 135.0
I i ) 50 137.7
P ‘ o 63 138.0
140. 1 : Iy i . 80 139.6
Pl T e ~ ! ! 100 139.4
i ~. I
T T~ 150 199
- b | 200 1393
| L L 250 1391
~~ 1304 1 AN ; 4 315 138.0
m) b Lo 400 137.9
X ! Lo | 500 136,9
- P 630 1359
A, [ 800 135,9
I ! Lo 1000 135.7
120« ! O 1250 134.4
' b 1600 133.7
o 2000 132.8
N : 2500 131.4
P ; 3150 1298
110.0 ! TR | 4000 127.8
[ I i I 5000 125.8
) . P - 6300 1238
Lol ; i 8000 1218
‘ i ! i Pl 10000 119.8
) 1 ' Il i | [ A - ~ = LT
1000 -1- - Loy 1 L vt P [ T A O R l OASPL: 150.4
10.0 100,0 000.0 1 (moo
Frequency (Hy)
Figure 15: External AcCoustic Test | e s for the Partial YTM/P 1+ Acoustic Tests
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Figure 16: Coherence Spectrum for Microshone s 4

and 6 on Opposite Sides of the Cassini

High Gain Antenna Duting Reverbernt Acoustic Test 7 of the Partial IYTM/PL Y
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Figure 17: Comparison of Aver age Acousac Lovel Around the Spacectaft Measured During Tests 2 and 7
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Figure 18: Difference of Average Acoustic §) ¢t “round the Spacectaft Measured During Tests 2 and 7
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Figure 19: P95/50 Flight Specttonm Adjusi -d 10 Account for Cassini 6 in. Bartier Blankets
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Figurc 23: The Cassini Avoussic Fis ht Criteria
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Figute 24: The Cassini Ilight Ac. ¢ tan, o Level (I A) Acoustic Test Criteria
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